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NATIONALADVISORYCOMMITTEEFORAERONAUTICS

RE3EARCHMEMORANDUM

INITIALFLIGHTINVESTIGATIONOFA

TWIN-ENGINEEK%PERSONICRAMJET

By MsximeA. FagetandH.RudolphDettwyler

A flightinvestigation

SUMMARY

wasmadeofa supersonictwin-rsm-jettest
vehicleusingshort-flame-lengthburners.Thetestdemonstrateda
msximumaccelerationof 3.6ganda maximnnflightMachnumberof 3.02.
Datawereobtainedovera Machnumberrsngefromabout1.9 to 3.0, an
altituderangefran1,800to 40,900feet,anda fuel-air-ratiorange
fromO.012to 0.065.Overtheserangesan over-all.canbustionefficiency
of81percentandam over-allfuelspecificimpulseof1,o59seconds
weredemonstrated.

INTRODUCTION

A ducted-tailranjetwasproposedin reference1 ashaving
canpactness,a largeusefulvolume,andeasilyaccessiblecontrols.
Thetheoreticalanalysispresentedinthisreferenceindicatedthe
possibilityofhighperformmceforsuchconfigurationsandtheneces-
sityofdevelopingshort-fkne-lengthburnersin orderthatthesead=-
tagesbe realized.A short-flame-lengthburneremployinga combustion
chamber’of only19.7 incheswasdevelopedjointlyby theLewisand
LangleyLaboratoriesoftheNationalAdvisoryCmmnitteeforAeronautics.
Initialdevelopmentoftheshort-flame-lengthburnerisre~ortedin
reference2. In itspresentformtheburnerisregenerativewithfuel-
cooledflsmeholdersnecessitatedby theveryhighspecific-heatrelease
Q thecanbustionchsmberof over2.5x 106BritishThe?nnalUnitsper
minutepercubicfoot.

A methodof rapidlyignitingthisburnerinflightduringthe
pericdthattheramjetisbeingboostedup to operatingvelocityhas
beendevelopedby groundtests.Theperformanceof thefirst
launchedtestvehicleemployingtheshort-flame-lengthburner
ramjetsinstalledonthevehicletailsurfaceswithignition
flightispresentedinthispaper.

ground-
in twin
during

—



APPARATUSANDTEST .

2 NXARML50H1.O .

TestVehicle &—

A planview~d a side-elevationviewofthetestvehiclewith
twinramjetsinstalledon thetailsurfacesisshownin figurel(a).
Intheplanviewinfigurel(a)andintheclose-upviewinfigurel(b),
thecombustorshellhasbeenremovedfromtiereinJetto showthe -.
short-flame-lengthburner.Theassembledtestvehicletogetherwith
thedouble-rocket-boosterunitusedforlaunchingisshowninfigure2. .—

Theprincipaldimensionsandgeneral.arrangementofthetest ~
vehicleareshowninfigure3. Thevehiclewas15 feet9~ incheslong

andweighed246pounds,inclu&ing25poundsoffuel.‘Thetwinrsmjets
were6.6 inchesin outsidedismeter,were50.2incheslong}andwere
mountedsymmetricallyonthehorizontalfinat a distsnceof8.55inches
fromthevehiclecenterline. The8-inch-dismeterfuselageof the
vehiclewascunpartzuentedfrcmfrmt torearas follows:telemeter
noseantenna,telemetersection,telemeterandfuel-controlpower-
supplysection,fueltank,fuel-controlsection,telemeterpressure
cellsection,andbooster-unitadapter.Thecone-cylinderfuselage
witha finenessratioof23.7wasselectedasa simplelow-dragcon-

.

figuration.

*

Ram-JetEngines —

Twoidenticalramjetsmountedonthehorizontaltailsurfaceswere
usedtopuwerthevehicle.E&h enginewas6.6 inches.indismeter,
50.2incheslong,andweighed35.6pounds.lFigure4 isa sectionalview
oftheengineshowingcanponentparts.An inletdiffuserofthe”Ferri
type,stiilarto thosedescribedinreference3, employinga 40°cone
wasusedwitha des@nMachnumberof2.13anda diffuserarearatio
of2.69, Theccmtractionratioof theexitnozzlewas0.783.These
arearatioswereselectedto covera speedrangefrcm..M= I-.8 to
M= 3.0.

A burnerwasusedhavingthreedoughnut-shapedflameholders .
mountedinlinewithanddirectlybehinda fuel-spray“ringofthesane
sizeandshape.Thisburnerisdesignatedthe“donut”burnerandis
illustratedin figure5. Theflameholdersandfuel-sprayringwere
constructedasa unitsadweremountedonthemainfuelfeedtube. The w-
fuelpassedthroughandcooledboththeflae holdersandsupporting
structurebeforeenteringthesprayring.

w
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Fuelwassprayedthrough50No.k3drill-sizeholes.Theseholes
werearrangedas follows:24 equallyspacedon theouterrimofthe
sprayring,18 equallyspacedontheinnerrimof thesprayring,and
8 holes,2 oneachfuel-supplytubedirectlybehindthesprayring. The

flameholdersandsprayringwerestsmpdfrom~-inch Ihconelsheet

emdwelded.Thefuel-feedtubeswere~-inch wall~cmel tubing.

Thist~ ofburnerpermitstheuseofa veryshortcombustion
chamber,inthiscase19.7inchesfromthefuel-sprayringto theexit
nozzle.Thecombustion-chambershellwasconstructedfrcmO.@-inch
Inconelsheet,witha insidedisrneterof6.50inchesanda lengthof
21.1inches.Theexitnozzlewasmadeof1020steel.

Sincetheboosteracceleratedthevehicleto operatingspeedin
only3 seconds,a simple,reliable,fast-actingstartingtechniquewas
developedina seriesofgroundtests.Theengineswereignitedby two
electricdelaysquibsineachcanbustionchsmber.Thesesquibsfired
2.45secondsaftertake-offwhenthevehiclewasat M = 1.50. b
orderto permitignition,a ~-inch-thickmagnesiumstartingdisk32
blocking69percentoftheareawasattachedto thelastflemeholder
(asillustratedinfig.5). TheseQsks restrictedthevelocityat the
canbustion-chsmberentmce andallowedpropermixingoffuelandair
priorto ignition.Approximately0.7secondafterignitionthedisks
wereburnedawaysndtheenginesoperatednonnall.y.Theground-test
investigationindicatedthata reducedfuel-airratiowasrequiredto
insuredependablestarts.Therefore,thefuel-meteringvalvewascon-
structedsothatthefuelratefrom2 to 3.5secondswasO.kOpoundper
second;a me= fuel-airratioof0.027wastherebyobtained.

FuelSupplyandRegulation

Thefuelusedwasethylene(C2H4). Thisfuelwascarriedas a
vaporina 1.37-cubic-foothigh-pressuretankat 1,200poundspersquare
inchgage. Thefuelratewascontrolledby a specialmotorizedneedle
valve.Theneedleofthisvalvewasextralongandcutto a particular
taperin sucha waythatthefuelwasmeteredat a predeterminedrate
for12 seconds.Afterthefirst12”seconds,fuelflowcontinuedat a
decreasedrate. h additiontomet~ingthefuelthisvalvewasequip~d
witha switchforfiringtheboostersaswelJas firingelectricdelay

. squibsthati~itedtheran-jetenginesduringflight.lhthiswaythe
fuelmeteringwassynchronizedwiththetimeoftake-offandthetime
ofengineignitionduringflight.Theuseofhighlypressurizedvapor

6 fuelpresentedsomeadvsmtages.Therewasno sloshingof fuelinthe
tsmk,anda positivesupplyof fuelwasmaintainedduringbothpositive

—— .. —
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andnegativeacceleration.Also,thefuelsupplieditsownmeteringand
injectionpressurewithouttheuseofpti~s. .-

Booster —

A sketchoftheboosterassemblyispresentedinfigure6. Two
6.25-inchABLDeaconrockettiotors(3.5ES-5700),eachwitha total
impulseof20,000pound-seconds, weremountedsideby Sidemd fired
simultaneously.Therocketheadcaysweremountedina magnesiumcasting
whichalsoservedas thefemaleendofthecouplipg to--thetestvehicle.
Therearendsoftherocketswerejoinedby thefinstructure.The
boostercarriedfourfins,eachwithan areaof 2.5sq~re feet.

Instrumentation--

Continuous-waveDopplerradarnearthelaunchingsitewasusedto
measurevelocityofthetestvehicleforthefirst1..2.5secondsofthe
flight. Theflightpathofthevehiclewasobtainedby NACAmodified
SCR-584trackingradarduringthefirst38 secondsofflight.

An NACAsix-channeltelemetermeasuredtotalpressure,longitudinal
acceleration,andstaticpressuresat thepo~ts shin,@ figure4. In
addition,thetotal-pressurechsanelwaspulsedby a revolutioncounter
onthemeteringvalveto indicatevalveposition.Alltelemeterchannels .1
recordeddatathroughouttheflightto hnpct (136secondsaftertake-off).”

Immediatelyafterflighta ballooncarryinga rad~osondewas
releasedto obtainatmosphericconditions.

FllghtTest

Flighttestofthemodelwasconductedat thePilotlessAircraft
ResearchStationatWallopsIslsnd,Va. Sincethemodelfolloweda
zero-lifttrajectory,itwaslaunchedat 45°inorderthata rangeof
altitudeswouldbe traversed.Fuelflowwasstarted1.5secondsafter
take-off.Ignitionoframjetsoccurredat 2.45secon~saftertake-off
at M = 1.50. Threesecondsaftertake-offtheboosterseparated’after
acceleratingtheYehicleto M = 1.89,andduringthenext-15.5seconds ‘
thetestvehicleacceleratedtoa velocityof3,019feetpersecond.A
peakMachnumberof 3.02wasattainedat a velocityof2,979feet-per ‘“
second3 secondslater.A msximumaccelerationof 3.6gwasrecorded
duringthistime. Combustionwassustainedtoan altitudeof40,900feet.
Burnoutoccurredat a fuel-airratioof0.012
29.52secondsfortheleftandrightengines,

at 28.96”secon&and
respectively.Thevehicle ~
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coastedto a peakaltitudeof56,340feetand
of 36.1milesat impact.A trajectoryofthe
figuxe7.

toa horizontalrange
flightispresented-in

ANALYSISOFDATAANDDISCUSSION

‘I!heaccelerometerdatawereusedto determinetheflight~th and
thevelocity-timehistoryofthevehiclebeyondtherangesofthe
trackingradars.Thetotal-pressuredata,togetherwithatmospheric
dataobtainedfromtheradiosonde,wereusedto determinetheveloc’ity
independently.Figure8 showsa l.kchnumbertimecurveoftheflight
determinedby threemethods:Dopplerradarextendedby integrationof
accelerchneterdata,differentiationof SCR-584radardata,andtotal-“
pressureandatmospheric-pressuredata. Goodagreementis shownbetween
thesethreemethods;however,theWch nunberdeterminedby the
Dopplerradarandacceleraueter”isconsideredtobemostaccurateand
wasusedinthecanputationofperformance.lhcludedinfigure8 is
a timehistoryof thelongitudinalacceleration.Figure9 presents
theatmospherictemperatureandpressureencounteredby themodel
plottedagainstflighttime.

Figure10 showsa timehistoryofthestaticpressuresmeasuredin
theengines.Thiscurveshowsthetimeofignitionat 2.45secmdsand
thetimerequiredforthestartingdisktoburnout. Thestartingdisk
wasplacedtbetweenthetwostatic-pressureorifices.Therefore,as the
startingdisk%urnedaway,diffuserexitpressuredroppedandcanbustion--
chamberexitpressurerose. “mepressurerecordsindicatethatthe
startingdiskswerecaapletelyburnedawayby 3.5seconds.Thedropin
staticpressureat apprmdmately12 secondswasduetoa dropinengine

—

thrust,whereasa finaldropat 29 secondsindicatedthetimeofengine
burnout.

An indicationthatbothenginesoperatedatnearlyequalthrustis
shownby thecloseagreementbetweenthemeasuredenginestaticpressures.
Allenginepressuresaswellas theaccelerczneterproducedsmoothtraces
onthetelemeterrecord,indicatingthatthersmjetsoperatedsmoothly.

Thediffuserrecoverycalculatedfrcmthediffuser-exitstatic
pressure(fig.10) isshowninfigure11. Thelowdiffuserrecovery
indicatesthattheramjetswerenotoperatingatmaximumthrust
conditions.Reference3 inticatesthatmuchhigherdiffuserrecoveriesa
arepossible.Greaterdiffuserrecoverywouldhavebeenencounteredif
thefuel-airratiohadbeengreateror ifthecombustion-chamberexit
nozzleshadsmallerthroats.Thediffuserrecoverywasessentially

* determinedbeforelaunchingby thearearatiochosenandthefuelrate
selected.Ground-testexperienceshowedviolentdiffuser’buzz,witha

.
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resultingdecreaseinthrust,at fuel-airratiosgreaterthanthat
requiredformaximumdiffuserrecovery.Sinceadequatethrustcould
be obtainedat a lowerdiffuserrecovery,optimumrecoveryWas IIOt
soughtinthistestin ordertoavoidthepossibilityOfdiffuserbuzz.

Thenetthrustwasdeterminedfromtheabsoluteacceleration(fig.8)
andthevehiclemass,correctedforfuelconsumption.Netthrust
coefficientwasthendetemninedusingtheatmosphericconditionsshown
infigure9. Ina similarmsnnerthetotaldragcoefficientafterburnout
was detemninedovera rangeofWch numbersfrom3.0to1.8o. The
internaldragcoefficientwasthencalculatedfrcmtheenginegecmetry-
by useoftheequationsofcontinuityandmcmentum.Theexternaldrag
coefficientwasdeterminedby subtractingthecalculatedinternaldrag
coefficientfromthemeasuredtotaldragcoefficient.Theexternal
dragcoefficientat thevariousMachnumberswasthenaddedto thenet
thrustcoefficienttogivegrossthrustcoefficient.Figure12 shows
themeasuredtotaldragcoefficient,theinternaldrag.coefficient,and
theresultingexternaldragcoefficientbasedonfuselagefrontalarea.
Theexternaldragcoefficientwashigherthsmwasexpected.It is
likelythatsaneunfavorableinterferenceeffectsbetweenthebodyand_ _ _
nacellesmayhavebeenencountered.Figure13presentsthenetthrust
coefficientandgrossthrustcoefficientplottedagainstflightMach
number.

-.

‘Theovqr-allengineperformancewasevaluatedby determiningthe
totalengineimpulseandthetotalfuelrequired,comyleteheatrelease
beingassumed.Thesevalueswerecaqxwedwithactual fuelcpnsmptim
to determineover-allfuelspecificimpulseandover-allcombustion
efficiency.Thegrossthrustcoefficientbasedoncombustion-chmber
cross-sectionareaswascalculatedfranthegrossthrustcoefficient
curvebasedonbodyarea. Franthevariousvaluesofg~ossthrust
coefficient,l&chnumber,smdfree-streamtemperaturesthroughoutthe
burning~rtionofflight,fuel-airratioswerecalculated,complete
heatreleasebeingassumed.Figure14 showsthegrossthrustcoefficient
basedoncombustion-chamberareasandthecalculatedfuel-airratio
againstflight,~chnumber.A maximumthrustcoefficientof0,72at
Machnumber2.175isshown.Thethrust-coefficientdipat M = 2.7 was
due to thefuelratedecreasingafterthemeteringneedleinthevalve
wcscompletelywithdrawn.Thecurvesreversedafter M = 3.02 because
theflightspeeddecreasedwhiletheengl.neswerestill.operatingat
decreasedthrust.

Thefuelratewasdeterminedbeforeflightby severalblowdownsof
thetankusingthesanequantityoffuelandthesamemeteringvalve.
Sincethevalveranat thesanespeedbothduringflightsndground
tests,theground-testfuelrateshouldapproximatethe.fuelrateduring
flight,exceptfortheeffectofaerodynamicheating.Theground-test
fuelrate,althoughnotconsideredtobe accurateforflightconditions,

.
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indicatedthat
encounteredat

a maximumfuel-airratioofapproximately0.06~was
about M = 2.68 andthattheminimumfuel-airratio

of 0.012 was encounteredatburnout.Thegrossthrust,fuelrate
determinedfrangroundtest,andcalculatedfuelratesareplotted
againsttimein figure15. Integrationofthethrust-timecurve
frcm3.5to29.5secondsgivesa totalimpulseof~,204 pound-seconds
duringthisinterval.ktegrationoftheground-testfuelrateover
thessmeintervalshoweda totalfuelconsumpticmof 23.8pounds;this
fuelconsmnptiotiisbelievedtobe thequantityoffuelusedby the
enginesduringthisinterval.Integrationofthecalculatedfuelrates
duringthesameintervalindicatedthat19.23poundsof fuelwouldbe

.—

requiredifcanpleteheatreleasewereobtatied.By dividingthetotal
impulseby thefuelconsumedby theengines,an over-allspecific
impulseof1,059secondswasobtained.9tiilarly,theratioof fuel
ccmsumptioncalculatedforccmpleteheatreleaseto fuelconsumedby
theenginesgavean over-allcanbustionefficiencyof81 percent.
Thesevalueswereobtainedfortheccxnpleteburningportionofthe
flightandunderconditionsrangingfran1,8ooto 40,900feetaltitude,
Machnumbersfran1.89to 3.o2,andfuel-airiatiosfrom0.012to 0.065.

0
SUMMARYOFRESULTS

●

Inthisfree-flightinvestigationofa ran-jettestvehiclethe
followingpointswereobserved:

.
1.Bothram-~etenginesoperatedsatisfactorilyoverthefollowing “

rangeof conditions:thefuel-air-ratiorangeof0.012to 0.065,an
altituderangefrcm1,8ooto 40,900feet,anda Wch numberrange
from1.89to 3.02.

2. Successfulengineignitionwasaccomplishedby electricdelay
squibsanda startingdiskat a fuel-airratioof0.027and M . 1.50
at 1,8oofeetaltitude.

3.An over-allcanbustionefficiencyof81 percentanda fuel
specifichnpulseof1,059secondswereindicatedfrantheflight
results.
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4, Themaximumthrustcoefficientof0.72

5; A maximumlongitudi~lacceleration.of

LangleyAeronauticalLaboratom

NACARML,5OH1O .

wasobt~inedat M = 2.1~5. d

3.6gwasrecorded.

—
-.
NationalAdvisoryCcmmitt&eforAeronautics

LangleyAirForceBase,Va.
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(a) Over-allview of test vehicles.

Figurel.-Ram-jettestvehicle.
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(b) Close-up view of ram-jet engineswith and without combustor ehel.1.

Figure 1.- Concluded.
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Figure2.-Testvehicleandboosteronlauncher.
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Figure S.- Three-row donut burner with starthg disk.
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Figure 6.- Double Deacon booster.
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Figure 8.- Variation of flight Mach number with time.
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